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ADJUVANTS PHP VAGCTMPg amrweT 
RESPIRATOP Y SyMrVTTAL VTRTTfi 

Background of t he Invsni-inn 
Respiratory Syncytial Virus (RSV) is a major 
cause of lower respiratory disease in infancy and 
early childhood (Mcintosh and Chanock, 1985, in 
Virolooy , Fields, B. (ed), Raven, NY, pp. 1285-1304). 
In all geographical areas, it is the major cause of 
bronchiolitis and pneumonia in infants and young 
children. The agent reinfects frequently during 
childhood, but illness produced by reinfection is 
generally milder than that associated with the initial 
infection and rarely causes major problems. 

RS virus is an enveloped RNA virus of the 
family ParamyxoViridae and of the genus pneumovirus . 
The two major envelope proteins are the G protein, 
which is responsible for attachment of the virus to 
the host cell membrane, and the fusion protein (F 
protein) , which is responsible for fusing the virus 
and cell membranes. Virus-cell fusion is a necessary 
step for infection. Fusion protein is also required 
for cell -cell fusion which is another way to spread 
the infection from an infected cell to an uninfected 
cell. 

Antibodies directed against the fusion 
protein or against the G protein can neutralize the 
virus. However, only antibodies to the fusion protein 
will block the spread of the virus between cells, 
i.e., have anti-fusion activity. Thus, antibodies to 
the fusion protein will protect against circulating 
virus as well as inhibit the spread, between cells, 
of an established infection. Antibodies to the fusion 
protein (both polyclonal antisera against purified 
fusion protein and monoclonal antibodies which contain 
both neutralizing and anti-fusion activity) have been 
found to be protective in animal models against 
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infection (Walsh et al.. l 984 , In£ . ct . Inmun 
43:756-758). 

A practical means for protection o£ infants 
and young children against upper and lower respiratory 
disease would be protective vaccination against RS 
virus. Vaccination of expectant mothers (active 
ionization, would protect young children by passive 
transfer of immunity, either transplacental^, or 
through the .other's mil*. Several approaches to an 
RS virus vaccine are possible, but some of them have 
proven unsuccessful in the past. 

Vaccination with killed RS virus vaccine has 
been t d and founfl „ be ^ ^ 

1969, Am. J. Epld . 89:422) . only ^ 

not protected, but in some cases, subsequent 
infections with RS virus resulted in atypical and more 

ZZ " "^-"i"* controls. This 

Phenomenon is not unique to RS virus and has been seen 

I hTb " P ^™- such as measles 

It has been suggested that the reason for the failure 
°f the past inactivated RS virus vaccine was due to 
inactivation of the biologically functional epitopes 
- either or both of the vira! envelope oncoproteins . 
That is to say, the neutralizing and fusion epitopes 
on the Wiled virus vaccine were -denatured.. As a 
result the vaccinated subject did not experience the 
bloiogically functional neutralizing and fusion 
epitopes. Therefore, when the vaccinated subject 
encountered a live virus, the resultant antibody 
response did not yield protective immunity, mstead, 
there was an antibody mediated inflammatory response 
which often resulted in a more severe disease (Chopin 
and scheid, 1M0 . Rev. Inf . Dis . , l40 . fl) . ' Ch ° PPln 

The second approach to an RS virus vaccine 
has been to attenuate live virus. Temperature 
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sensitive mutants (Wright^ al., i 982/ Infect 
ImBUB. 37:397-400) and passage attenuated virus 
(Belshe et al . , 1982, J. inf. Dis. 145:311-319) have 
proven to be poorly infectious and not efficacious in 
the prevention of disease when used as immunogens in 
RS vxrus vaccines. However, in these cases, there was 
no atypical disease as a result of vaccination. 

Based on our current knowledge of the 
structure of RS virus and the immune response to 
infection, it is clear that a useful vaccine .to this 
virus must be effective in inducing production of 
antibodies to the fusion protein and/or the G protein 
Of particular importance to protective immunity is the 
production of antibodies that inhibit fusion and 
therefore, can stop the spread of virus between cells 
m the respiratory tract. Additionally, it is 
helpful to induce a cell mediated immune response, 
including the stimulation of cytotoxic T cells 
(CTL's) which are useful against RS virus infected 
cells. The various vaccine formulations of the 
present invention are directed to meeting both these 
objectives . 

Summary of t.h* T nvent j ori 

This invention pertains to the discovery of 
certain adjuvants that are capable of increasing the 
immunological response to envelope proteins of 
respiratory syncytial virus, specifically to RSV 
glycoprotein F and RSV glycoprotein G. In particular, 
it is shown herein that the adjuvant QS-21, or 
alternatively, 3D-monophosphoryl lipid A (MPL) plus 
alum, significantly increase the ability of antibodies 
raised against RSV glycoproteins F and/or G to 
neutralize the virus as well as provide immunological 
protection via cell -mediated response against the 
virus. Additionally, these adjuvants have been shown 
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combinations. The fnr™,!,,.- 

alum The addj f °™ Ulatl ° n "V optionally contain 

urn. The addition of alum can further boost th» 
i-unological response to the KSV antigen^ „ne n 
administered with these adjuvants. T J presence of 

^s^-r- 6 -ated^—:—' * 

With a reduced amount of antigen ,s, ~* 
B3 a?{ Pesrrit,tin n „ f rf l . fl |M||||| 

Figure 1. depicts the cell -mediated 

^aiI g d_ fies££iEElan pf fhe Tn ., nMn| 

_ , ^ PreSent i^ntion pertains to novel 
vaccine formulations and therapeutic uses th. T 

;° r ™ tion of rsv infs « i »- The u ::; c n ; re 

formulation of the present invention comprises an RS V 
Protein or an immunological fragment thereof L an 
adjuvant that has been shown to boost the 
immunological response to the RS v protein. The 

ZZTZ :t Cted £r ° m 0S " 21 "* ™°Xvl 
•Lipid A and combinations thereof ar ,^.. , 

-e presence of a lum in the ^J^r 
^^ th M " - — * ~ li2ati on 

formulated^rHsTlnvT' * QS ^ is 

OS-21 is . envelope protein G and/or F. 

WS» 21 is a saponin which is omHf^ * 

n„,-n,4 Purified from a crude 

g uillana sapoiMHa extract an* k» u 

extract and has been described by 
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Kensil and Marciani, U.S. Patent .5, 057, 540 . 
Antibodies raised against formulations comprising 
QS-21 and RSV protein F or RSV protein G and F can 
neutralize RS virus. The immunogenicity of RSV F and 
G proteins is greatly increased using QS-21 as the 
adjuvant compared to formulations that are not 
adjuvanted or that contain other known adjuvants, such 
as alum when used solely as the adjuvant. 

Another aspect of the present invention is 
that the adjuvants can be employed in a vaccine with 
RSV G protein or F protein to elicit an immune , 
response, such as antibody response, which neutralizes 
both subgroup A and subgroup B of the RSV virus. This 
is a significant discovery since other adjuvants, 
specifically alum, with G protein have been found to 
neutralize only the subgroup from which the proteinO 
is purified. 

In another embodiment, MPL and specifically 
3D-MPL can be used in combination with alum to produce 
a vaccine formulation that can enhance stimulation of 
complement dependent neutralizing antibodies to RSV. 
The immunogencity of RSV subunit components is greatly 
increased with this adjuvant compared to formulations 
that are not adjuvanted or that contain alum as the 
sole adjuvant. 

Proteins and polypeptides related to a 
neutralizing and/or fusion epitope (s) of the fusion 
protein and/or G protein of RS virus are useful as 
immunogens in a subunit vaccine to protect against 
lower respiratory disease and other disease symptoms 
of RS virus infection and can be formulated in the 
vaccines of the present invention. Subunit vaccines 
comprise the relevant immunogenic material necessary 
to immunize a host and the adjuvants, identified 
herein as potent immunomodulators . Vaccines prepared 
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from genetically engineered Imogens . chemically 

au^he! t S1Zed Cogens coding 

authentic substantially pure RS virus fusion protein 
or fragments thereof alone or in combination with 
similarly prepared RS virus G protein or fragments 
thereof. which are capable of eliciting a protective 
— response are particularly advantageous be use 
there is no ns* of infection of the recipients. 
Chimeric polypeptides comprising at least one 

r™7b fra9m r £r ° m b ° th ^ * P -d 
G,can also be used in vaccine formulations of this 

invention. Such chimeric RSV polypeptides have seen 

described by Wathen. „.,. Paten t S, 194 .S 9 S. the 

teachings of which are incorporated herein by 

reference. * 

and „ , VirUS £USi ° n Pr ° tein 0 protein 

and polypeptides can be purified from recombinants 
that express the neutralizing and/or fusion epitopes 

yeast tr C an!r antS ~" "-sformants, 

yeast transformers, cultured insect cells infected 

cells aTL nC baCUlOVi — S « -mmalian 

Chines!* " 6 a "' £ ° r eXa " ple ' su = h « 

Chinese hamster ovary cells that express the RS virus 

fusion protein epitopes. The recombinant protein o7 
Polypeptides can comprise multiple copies of the 
epitope of interest. 

related vrltl™ ^ and/or G pr °"- 

II" • " P ° lype P"^ <=" be chemically 

synthesized. Aiternatively, the RS virus fusion 
protein related protein or polypeptide or G related 
protein can be isolated in substantially pure form 
from RS virus or cultures of cells infected with"s 
virus and formulated with the novel adjuvants as a 
vaccine against RSV. 

Regardless of the method of production, the 
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RS virus fusion protein or G protein, related protein 
or polypeptide is adjusted to an appropriate 
concentration and can be formulated with an adjuvant 
selected from QS-21 or MPL plus alum. MPL and its 
derivative 3-deacylated MPL (3D-MPL) can be 
co- formulated with TDM and squalene and used in 
vaccine formulations of the present invention. 3D-MPL 
may be obtained according to the methods described in 
British Patent No. 2220211 (Ribi Immunochem. ) . 

The amount of protein in each vaccine dose 
is selected as an amount which induces an 
immunoprotective response without significant adverse 
side effects. Such amount will vary depending upon 
the immunogen used. Generally each dose will comprise 
from about 0.1 to about 100 M g of protein, with from 
about 5 to about 50 fig being preferred and from about 
5 to about 25 M g/dose being alternatively preferred. 
The amount of adjuvant will be an amount that will 
induce an immunomodulating response without 
significant adverse side effect. An optional amount 
for a particular vaccine can be ascertained by 
standard studies involving observation of a vaccine's 
antibody titers and their virus neutralization 
capabilities. The amount of adjuvant will be from 
about 1 to about 100 /xg/dose, with from about 5 to 
about 50 M g/dose being preferred, and from about 20 to 
about 50 /ig/dose being alternatively preferred. 

Immunopotency of vaccines containing the RS 
virus fusion or G protein or immunologic fragments 
thereof and genetic or physical mixtures thereof can 
be determined by monitoring the immune response of 
test animals following immunization with the purified 
protein, synthetic peptide or recombinant protein. 
Test animals may include but are not limited to mice, 
rats, rabbits, primates, and eventually human 
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subjects. Methods of introduction of the immunogen 
may include intradermal, intramuscular, 
intraperitoneal, intravenous, subcutaneous, intranasal 
or any other standard routes of immunizations. The 
immune response of the test subjects can be analyzed 
by multiple approaches: ( a ) the reactivity of the 
resultant immune serum to authentic RS viral antigens 
as assayed by known techniques, e.g., enzyme linked 
immunosorbant assay (ELISA) , immunoglots, radio - 
immunoprecipitations, etc, (b) the ability of the 
immune serum to neutralize RS virus infectivity in 
vitro, (c) the ability of the immune serum to inhibit 
virus fusion in vitro, the ability of immunized 
animals to generate antigen dependent cytotoxic T 
lymphocyte (CTL) activity and (e) protection from RS 
virus infection. 

Many methods may be used to administer the 
vaccine formulations described herein to humans for 
prophylatic purposes. These include, but are not 
limited to: intradermal, intramuscular, 
intraperitoneal, intravenous , subcutaneous and 
intranasal routes. The secretory lg A antibodies 
produced by the mucosal associated lymphoid tissue may 
Play a major role in protection against RS virus 
infection by preventing the initial interaction of the 
pathogens with the mucosal surface, or by neutralizing 
the important epitopes of the pathogens that are 
involved in infection/or spreading of the disease 
Stimulation of mucosal immune responses, including 
production of secretory i gA antibodies may be of major 
importance in conferring protection against lower and 
upper respiratory tract infection. 

The polypeptides and proteins may generally 
be formulated at concentrations in the range of from 
about 0.1 jig to about 100 fig per dose. 
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Physiologically acceptable media may be used as 
carriers. These include, but are not limited to: 
sterile water, saline, phosphate buffered saline and 
the like. Other suitable adjuvants may be added to 
the novel vaccine formulations of this invention and 
include, mineral gels, e.g., aluminum hydroxide, 
aluminum phosphate, etc. The immunogen may also be 
incorporated into liposomes or conjugated to 
polysaccharides and/or other polymers for use in a 
vaccine formulation. 

The polypeptides and proteins that can be 
incorporated into vaccine formulations of the present 
invention may be linked to a soluble macromolecular 
carrier. Preferably, the carrier and the polypeptides 
and proteins are in excess of five thousand daltons 
after linking, and more preferably, the carrier is in 
excess of five kilodaltons. Preferably, the carrier 
is a polyamino acid, either natural or synthetic, 
which is immunogenic in animals, including humans. 
The manner of linking is conventional. Many linking 
techniques are disclosed in U.S. Pat. No. 4,629,783 
which is incorporated herein by reference. Many 
cross-linking agents are disclosed in 1986-87 Handbook 
and General Catalog, Pierce Chemical Company, 
(Rockford, Illinois) pages 311-340. 

Recombinant viruses are prepared that 
express RS virus fusion protein and/or G protein 
related epitopes. These viruses can be used to 
prepare inactivated recombinant viral vaccines to 
protect against lower respiratory infections and other 
disease symptoms of RS virus. 

Inactivated vaccines are "dead" in the sense 
that their infectivity has been destroyed, usually by 
chemical treatment (e.g., formaldehyde). Ideally, the 
infectivity of the virus is destroyed without 
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affecting the proteins which are related to 
immunogenicity of the virus. m order to prepare 
inactivated vaccines, large quantities of the 
recombinant virus expressing the RS virus fusion 
protein and/or G protein, related proteins or ■ 
polypeptides must be grown in culture to provide the 
necessary quantity of relevant antigens. A mixture of 
^activated viruses which express different epitopes 
may be used for the formulation of "multivalent" 
vaccine.. In certain instances, these "multivalent" 
inactivated vaccines may be preferable to live vaccine 
formulation because of potential difficulties which 
mutual interference of live viruses administered 
together. In either case, the inactivated recombinant 
virus or mixture of viruses can be formulated with the 
adjuvant of this invention in order to enhance the 
immunological response to the antigens. 

The vaccines of this invention can be 
administered to an individual to prevent an infection 
or disease symptoms associated with RSV. Such 
administration can be accomplished by . single dose or 
by multiple doses for eliciting a primary iLne 
response in the individual. Typically multiple 
vaccination will be given three times at essentially 
two month intervals for humans. Booster doses may be 
given to stimulate an existingi mm une response from 
previous vaccination or natural infection. 

The following Examples are offered for the 
purpos f illustrating the present inventiQn ^ a ^ 

L^tiol. COnStrUSd ^ limlt ^ — ° f «" *™ 

IxSffiEiificaiian 
EXample RSV Pmi--^ —nriM,,,, 

PFP-1 is prepared by the procedure of Walsh 
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et al. J. Gen. Virol . 66:409-415 (1985) with the 
following modifications. The immunoaf f inity eluted 
material is passed over a DEAE column and the flow 
through is collected, dialised against PBS/0.1% Triton 
X-100 and sterile filtered through a 0.2 /zm filter. 
B - Ion exc hange fusion protein-2 (TF) 

IF is prepared by passing clarified RSV- 
infected cell lkysate over a DEAE column. The flow 
through is collected and passed over a hydroxy-apatite 
(HA) column. Following HA elution, the eluted F 
protein is dialysed against PBS/0.1% Triton X-100, and 
sterile filtered through a 0.2 /xm filter. 
C - Immuno af f inity G protein (G) 

G. protein is prepared by the procedure of 
Walsh et al. J. Gen. Virol. 66:761-767 (1984) with the 
following modifications. Following elution, the G 
protein is passed over an immunoaf f inity column 
specific for RSV F protein. The flow through is 
collected, dialysed against PSB/0.1% Triton X-100, and 
sterile filtered through a 0.2 txm filter. 
D - F/G Prot ein Chimg-r-i r 

F/G protein chimeric is prepared by U.S. 
Patent No. 5,194,595 and provided by Upjohn 
Corporation. 

Example 2 ; Enzvme Immunoasav (EIA) 

Antibody titer in serum samples is 
determined using an Enzyme Immunoassay (EIA) performed 
as follows: 

RS virus fusion protein is diluted to 200 
ng/rnl in carbonate -bicarbonate buffer, pH 9.6. One 
hundred (il of the diluted antigen is added to each 
well of rows B-G of a flat -bottomed, 96 well NUNC"" 
assay plate. In rows A and H, 100 fil of carbonate- 
bicarbonate buffer alone is added to each well. The 
plate is covered and incubated for 2 hours at 37°c 



substitute sheet (rule 26) 



WO 94/27636 



PCT/US94/05833 



- 12 - 



with shaking and stored overnight at 4°C to immobilize 
the antigen. 

The supernatants are removed from the NUNC™ 
assay plate and the plate is washed with 0.1% 
Tween/PBS pH 7.4 and pat dried. 

Three antibody samples are assayed on each 
Plate. Each sample is first diluted to a primary 
dilution in 0.2% Tween, 0.01 M EDTA/PBS pH 7.5 (0 2% 
TWN) . The primary dilutions are further serially 
diluted as follows in a 96 well U-bottomed FALCON™ 
plate: 

(a) The primary ilutions of the samples are 
inoculated into row 2 at 200 Ml/well. 
Sample l is inoculated in triplicate, 
e.g., in wells A2, B2 and C2; Sample 2 
in duplicate e.g., i n we ii s D2, E2; 
Sample 3 in triplicate e.g., in wells 
F2, G2 an H2 . 

(b) 100 M i of 0.2% TWN were inoculated into 
each well of rows 3-12. 

(c) Serial dilutions were created by 
transferring sequentially 100 ^l from a 
well in row2 to the corresponding well 
in row 3 (e.g., B2 to B3 ; C2 to C3) , a 
well in row 3 to the corresponding well 
in row 4, until row 12 was reached. 

(d) To row 1, ioo M l of 0.2% TWN was added 
to each well as control. 

One hundred M i of the primary dilutions are 
transferred from each well of the FALCON™ plate to the 
corresponding well in the NUNC™ plate, e g A2 
(FALCON™) to A2 (NUNC™) . The NUNC™ assay plate is 
covered and incubated for one hour at 37«C with 
shaking The supernatants are removed from the assay 
Plate, and the plate is washed with 0.1% Tween/PBS and 
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pat dried. 

Goat ant i -Mouse IgG alkaline phosphatase 
conjugate (TAGO'") is diluted with 0.3% Tween/PBS pH 
7.0 (0.3%TWN) to a working dilution, e.g., 1:1500. 
The diluted conjugate (100 nl) is added to each well 
in rows 2-12. The row 1, 100 y.1 of 0.3% TWN are added 
to each well as control. The plate is covered and 
incubated, for 1 hour at 3 7°C with shaking. The 
inocula is then removed/ and the plate is washed with 
0.1% Tween/PBS pH 7.4 and pat dried. 

To each and every well, 100 nl substrate 
solution, l mg/ml in diethanolamine buffer pH 9 . 8 
(SIGMA- 104™) are added. The enzymatic reaction is 
allowed to take place at room temperature for 1 hours. 
The reaction is stopped by adding 100 (jl! of 3N NaOH to 
each well. The extent of enzymatic reaction is 
determined by reading the optical density of 410 nm. 

Rows A and H serve as negative controls 
because no antigen is present; row 1 also serves as a 
negative control because no antibodies are present. 
Example 3 : Virus Ne utralization Assay (PlamiP 

Reduct ion Neutralization test.PRNT) 

Test serum samples which are serially 
diluted and the positive control serum are heat 
inactivated at 56 °C for 30 min. All sera are then 
diluted with an equal volume containing about 3 0 
plaque forming units (PFU) of RS virus, and incubated 
at 37 °C for one hour, with (C plus PRNT) or without 
(PRNT) the addition of 5% rabbit complement. A pool 
of human adult sera which had previously been 
characterized by enzyme immunoassay, neutralization 
and antifusion assays is used for positive control. 
Sera which had previously been characterized and was 
known to be non- immune is used as negative control. 
Each incubated serum-virus mixture is 
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inoculated to HEp-2 cells (ATCC No. CCL2 3 ) in , 
wells of 96 well n i afa ^23) m separate 

a n„ „ y5 wel1 Plates and virus absorption is 
allowed to take place for o >,«, 

fiate ror 2 hours at 37 °r tv,« 

inocula are removed. The cell «,„„, 
and overlaved with modif i e g ^ ZT "7 
fetal .ovine serum and „ "I*"" Pl " S » 

37°c for 3 davs Th„ , ' intubated at 

the ceUs are „ T * ""^ U r — d «* 

(PbJ ed " lth Ph ° SPhate b ""-ed. saline 

200 „i of chilled PBS-methanol (1-51 
methlol f " r0 °' n «^ r «ure. The PBS- 

™onal^^™t vf W ( P - - 

"eered and diluted with ^ t ?„o 

concentration) is added, and the plate L L „ 

37»c for 1 hour Tk ... incubated at 

fixed cell antibodies ae removed, and the 

fixed cells are washed twice with BLOTm ,„ • 

each time. BLOTTO, 30 minutes . 

50 Ml/well of horseradish peroxidase 
conjugated goat anti-mouse IgG (diluted T 25 ■ 
BLOTTO) is added and the plate is , t " 

at 37,0. The goat antibodies are reT *" * ^ 

fixed cells ,-r. , • removed, and the 

sdution <l\tlTl° f " Per ° XidMe SUbStr " e 

PH «... i added and°:o 0 io" naPhCh01 ' °- M% ** ™ 

15-30 minutes at r^ 7 " " deVel <* ** 

xiiut.es at room temperature tk^ « w ^ 

solution is removed, and L wells are „ h,* 
water and air dried Th. „ T " iCh 
«U is determined °' Pl ^ SS in 
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The neutralization ability of a test serum 
sample is expressed as the dilution which results in a 
60% reduction in plaque formation when compared to 
non-immune control serum. The results are tabulated 
in Tables 1-4 . 

Data in Tables 1, 2, 3 and 4 representing 
the EIA and Plaque Reduction Neutralization Test 
results show the improvement in the biological immune 
response, with the use of these novel adjuvants when 
compared to alum alone. The vaccine formulations of 
RS virus fusion protein, G protein, mixtures thereof 
ad F/G Chimeric protein with the novel adjuvants (with 
or without additional alum) were ignificantly enhanced 
when compared to formulations containing alum alone 
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L Seronegative Swiss wpKei- 

and G proteins in vaSSST a^^VjT" 1 ^ d (100 ^> "ith F 
Mice were bled for serologf^weeks 0 ?, Tand Week 3 " 
Serological assays: EIA-F (p • 

immunoassay) , EIA-Ga to- ZJZJ? tein s P ecif ic enzyme 
PRNT (plaque reduction f^.f? ecif ic enz ^e 

immunoassav) 

A strain of RSSV (i e A2) 12atlon te «t> against a subgroup 
18537). C'-PRNT pilguf reSuctiont 9 ^ 5 Strain of RSV^J. 
complement) were also ^ ° n neutr alization test with 5^ 

18537. EIA al^ys :e r nf^J gainSt / SV drains A2 and 5 ° 
geometric neon titers <r£?f d °? "dividual sera and the 
PRNT and C - -PIOT SSyi^^S^^ed and are reported, 
per group, n-5) . ^ ere P erf °rmed on pooled sera (one pool 

Immunogens * if a r^-n -u 

purified RSV G pro?2in XC p a ? 9 ? P ^ fied RSV F Protein; G-affinity 
F/G chimeric-F/G chiSrie afflni ty purified RSV F protein 

infected Sf9 culture P*ofm purified from baculoviSw? 

250/xg/ml 3D-MPL, 3D-MP?i aw'J ^°° M9 ^ ml ° S " 21 ' 3D "MPL- 
Plus i Mg/ml aluminum hydroxide. Comblnatl °n of 250 M /ml 3D-MPL 

nd- not done. 
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1 Seronegative Balh/r m-;^ 

with 0.5 „g doses of "IILST^ (100 " 11 OT »«ks 0 and 4 
«,ce were bled for ser^^eeSTTiid e. 

2 Serological assays: EIA-F tv ™* • 
immunoassay), EIA-GA (GA nr^?« n .f pecific enzyme 

PRNT (Pl ague reduc?Ln^eul~?iLf? eC \ f iC f nZyme immunoassay) 
strain of RSV (i. e A2) anrf = ll2atlon test) against a subgroun A 
18537) . All assays ^re pfrfoSSr° UP B f train of ™V ^ P 
n-5. Additionally, thl wljf f^i ° n P ° oled sera d pool /group 
enhanced PRNT by * he J^*^™^*^^*' 

1 Alum: Aluminum hydroxide, img/ml . 

3D-MPL : 3D-Monophospholipid A, 250, g/ml (2S , g/ dose) . 
0S21: 200 M g/Ml (20 M g/dose). 

250Mg/mi°3D-MPL. miXtUre ° f lmg/ml al ™i8num hydroxide and 
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Seronegative Swiss w^Kei- 

exchange-purified RSV ! proKin Tip"? oT^^ with ion 

on week 0 and week 3 P rocein (IP) or PBS in various adjuvants 

Mice were bled for serology on weeks 0, 3 and 6. 



Serological assays: EIA-P (p ■ 

immunoassay), EIA-Ga <r* \^L P rotein specifSc enzyme 

PRNT (plaque reduc?ion G L5t^liLSon\ f i^f ^oassay) , 
strain of BSV (i e A2> S,S = t test) a 9 ai nst a subgrouc 
18537) . C'-PRNT (r,l7™,» 2 V subgroup B strain of RSV (i V 
complement) were als"*^^^ 1011 neu trali 2 ation test with' 5* 

18537. Elk assays were per^orraeH^ 9 ^^^ Strains 
geometric mean titer! °? 1 ! ldlv idual sera and the 

PRNT and C ' PRNT assays were plrlor^ 1 *^ f°5 are ^portel 
Per group, n-5) . y performed on pooled sera (one pool 

fSlSSrSi5SS? d l^^W was administered with the 
200 M g/ml OS-21, 3D-MPL - ?/ J fi uminum hydroxide, OS-21 = 

mixture of 2S<>Ag/£l 3^-mp? 3 ?"? PL ' 3D - MPL + *±™ - a 

Mg/mi 3D MPL plus lmg/ml aluminum hydroxide 



4. ND = Not done. 
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(250^g/ml) at weeks 0 and 3 3 ' lm S /ml> or OS-21 

Mice were bled for serology 'at weeks 0, 3, 6. 
Serological assays: EIA-F (r 

immunoassay) , prnt (niall ,-L, P ° tein s P ec if ic enzyme 
subgroup AstraX of^RsT S) ^^"l 1 "" 00 test) 

RSV (i. e i 8 537) with the addltic^ 3 s S? roup B strain of 

assays were performed on indiSSL? rab 5 lt: corn Plement. EIA 
mean titers (GMT) were calculltfrf ^L?" and the Seometric 
=5) • r€ calcu lated and are reported (#mice/group 

^^^^"^/^^^^ 1^) combined 
100/deoxychola£e lysis) afflnit y Purified G protein (triton X- 

Ion-exchange purified F protein. 
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Example 4 

Virus and Cell Lines. The A2 and 18537 strains of RSV 
are used and virus stocks are grown in either Vero 
[American Type Culture Collection (ATCC) No. "eCL 81] 
or HEp-2 (ATCC No. CCL 23) cells following standard 
procedures, purified over sorbitol density gradients 
and stored at -70°C until use. A BCH4 cell line 
persistently infected with the Long strain of RSV and 
the uninfected BALB/c cell line (for both cell lines 
see Fernie et al. , Proc . Soc_ Exek Biol. Med. . 1981, 
167:83-86) are a gift of Dr. Bruce F. Fernie. The 
latter cell lines are maintained in Dulbecco's 
Modified Eagle's medium (DMEM, Gibco BRL, 
Gaithersburg, MD) with 10% (v/V) heat -inactivated FBS 
(Hyclone Laboratories Inc., Logan, UT) . 
Example 5 

Anti-F protein antibody subclass determination. The 

titer of anti-F protein antibody subclass of mice 
primed with 5 fig of F protein mixed with QS-21, ALOH 
or natural infection are determined by ELISA. 
Briefly, 96 well plates are prepared with the 20 ng F 
protein or 5 ug RSV A2 as follows. Purifed F protein 
(200 ng/ml) or RSV A2 (50/xg/ml) in 

carbonate/bicarbonate buffer (pH 9.6) is coated onto 
96-well plates (Nunc, Roskilde, Denmark) for 2h at 37°C 
and stored overnight at 4°C. Thereafter, the plates 
are washed 5 times with PBS/0.05% Tween 20 (Sigma) 
followed by 2 additional rinses with PBS alone. 
Serial 3 -fold dilutions of serum prepared in PBS/0.3% 
Tween 20/0. 01M EDTA buffer (pH 7.0) are then added to 
the wells and incubated for lh at room temperature. 
After washing 5 times with PBS/0.1% Tween 20, 100 ul 
of biotinylated goat anti-mouse IgG (1:4000, 
Kirkegaard and Perry Laboratories), IgGl (1:3000, 
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Zymed), or IgG2a (1:5000, Zymed) is added and the 
plates are incubated lh at room temperature. 
Following another series of washes, lOOul of 
strepavidin conjugated to horseradish peroxidase 
(1:10,000 dilution in PBS/0.3% Tween 20, Zymed) is 
added to the wells and incubated at room temperature 
for an additional 30 minutes. Peroxidase substrate 
(2,2'-azino-di[3-ethyl-benzthiazoline sulfonate (6)], 
Kirkegaard and Perry Laboratories) was added to the 
wells after washing and incubated at room temperature 
for 20 minutes at which time the reaction is stopped 
with 100 ul of 1% sodium dodecal sulphate (Pierce, 
Rockford, ID . End point titers are determined at 
410nM. 

Virus Neutralization Assay (PRNT) is performed as in 
Example 3 . 

The heightened complement -assisted serum 
neutralizing antibody titers elicited by F/QS-21 
correlated with the induction of anti-F protein 
antibodies of the IgG2a subclass (Table 5) . Three 
weeks after primary immunization, there is a QS-21 
dose-related increase in protein-specific IgG2a as 
well as IgGl antibodies. m comparison, a single 
injection of F protein mixed in saline alone or F/ALOH 
elicits primarily protein- specif ic antibodies of the 
IgGl subclass (Table 5) . The data indicates that 
F/QS-21 induces humoral immune responses that are 
similar to those generated by experimental infection 
and consist of both complement -fixing IgG2a as well as 
IgGl antibodies. 
Example 6 

Determination of Cross Neutralizing Antibody Titers 
and RSV Infectivity. The titration of serum 
neutralizing antibody is performed in duplicate on 
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HEp-2 cell monolayers in 96-well tissue culture plates 
as described in Example 3. 

In this example, as shown in the table below, it is 
observed that an adjuvant can enable RSV protein to 
elicit a complement dependent IgG antibody response 
which neutralizes both subgroup A and subgroup B 
viruses (these subgroups being indentified as A2 and 
18537, respectively in the table below) . This cross 
neutralizing immune response of heterologous subtype 
RS virus has not been acheived before using purified G 
protein alone. A vaccine formulated with QS-21 
adjuvant and RS virus G protein generates a desirable 
heterotypic neutralizing antibody response which is 
substantially greater than that which is elicted by 
alum alone or a natural infection. 
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Table 6 : Heterotypic Neutralizing Antibody Response 
Excited by RSV G Protein When Adjuvanted with QS-21* 

PRNT2 

Immunoqen Adjuvant- * A2 ^-,-7 

G protein (2.5) QS -2l 7940 6039 

G protein (1.2) QS - 21 >10/24Q 5154 

G protein (0.6) QS - 2 i 2092 719 

G protein (0.3) QS . 2 i 308 190g 

Controls* 

G protein (2.5) alutn 2l2 <1Q 

G protein (2.5) none <1Q <1Q 

PBS Qs-21 <io <i 0 

1 Seronegative BALB/c mice are immunized (0.1ml 
I.M.) at weeks 0 and 3 with RSV G protein at the 'doses 
indicated above. Animals are challenged (0.1ml, IN) 
with 6 l O g 10 pfu of RSV strain A2 at week 6 and bled 
for serology at 4 days post -challenge . 

2 PRNT = plague reduction neutralization test 
performed against a subgroup A (A2) and a subgroup B 
(18537) strain of RSV. Assays are performed on pooled 
sera (n=5) in the presence of 5% rabbit complement. 

3 Immunogen: RSV G protein is immunoaf f inity 
purified from Vero cell lysates infected with RSV 
strain A2. This purified protein is further processed 
using immunoaffinity chromatography to reduce the 
level of residual F protein. No detectable F protein- 
specific antibodies (as measured by EIA) are elicited 
by these immunogens . 

4 Adjuvants: QS-21 (200Mg/ml) or aluminum hydroxide 
(alum, img/ml) are mixed with RSV G protein or PBS 24 
hours prior to use. 
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Example 7: Comparison of QS-21 vs. ALOH for ability to 
elicit local F protein-dependent killer cell activity 

The ability of QS-21 to elicit local F 
protein-dependent killer cell activity is also 
examined and compared to the cell -mediated 
cytotoxicity generated by immunization with F/ALOH or 
experimental infection. 



The Isolation of Pulmonary Mononuclear Cells (PMC) . 

The PMC are isolated from the lungs following 
collagenase digestion (see Hancock e£^ aL, Vaccine . 
12:267-274, 1994 and Anderson et_, al^, J, Gen, yjrol 
71:1561-1570, 1990). Briefly, excised lungs are 
placed in cold DMEM and rinsed free of peripheral 
blood. The lungs are then minced in fresh DMEM, 
transferred to a 50 ml centrifuge tube and nutated at 
37°C in the presence of collagenase (collagenase type 
IV, Sigma Chemical Co., St. Louis, MO) at a final 
concentration of 2 mg/ml, 10 mM HE PES buffer, and 1% 
(V/V) heat -inactivated FBS. After 90 minutes 
incubation, the fragments are passed through a 100 
mesh stainless steel tissue culture seive (Sigma) . 
The resulting suspension is pelleted (400g) , 
resuspendend in metrizamide (16%, W/V, Accurate 
Chemical & Scientific Corp. , Westbury, NY) , overlayed 
with RPMI 164 0 (Gibco BRL) containing 10% heat- 
inactivated FBS, and spun (150g) for 20 minutes at 5°C. 
The PMC layers are then collected, washed free of 
gradient, and tested ex vivo for their cytolytic 
capacity. 

Determination of Percent Cytotoxicity. Antigen- 
dependent cellular cytotoxicity is determined in a 4h 
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"Cr (Amersham Corp., Arlington Heights, IL) release 
assay Briefly , 50 ul (500 0 cells) of syngene^. 
labeled control or RSV-infected (BCH4) target cell 
ixnes are incubated (37°C, 5% C0 2 ) in triplicate V- 
botto, mi cro-wells (Costar, Ca^ridge, MA) with 100 ul 

fold d l^ 0 ! ^ m ° n0nUCle - Serially 2 - 

fold diluted m RPMI 1640 containing io% heat- 

inactivated FBS v/v) tv*^ * • -» 

well „ fr ' 1Ml Volme is 15 ° ul Per 

well. , After incubation, the supernatant* are 

co lected (skatron Harvester, skatron Inc.. sterling 

Z' ™°* " Cr " UaSe in * C"— counter 
(Pharmacia LKB ) , and compared with spontaneous 

IndT! , <tar9etS inCubated «*<* «one, 20-25%, 

"tVr: zi:Tvr gecs incubated in ^ 

ith 1.0 Triton X-100, v/v in PBS) . Percent specific 
release is calculated by: 10 0 x [(mean cpm 
experimental, - (mean cpm spontaneous release,] / 

L (mean cpm total releaQ^i 

release,]. " <mean ^ ^aneous 

^ B1 °° ki,,S Studi «- ^ified monoclonal 
antibodies directed against major histocompatibility 
complex («, ^tigens „ 2K - <clo„e 
2B .clone AP4-.2.4. !gG 2b , , and H-2K» 
88.5. Ig G 2a, are purchased from PharMingen. San 
Diego. CA. a monoclonal antibody (E37-10. IgG 2b, 
directed against diphtheria toxoid antigen serves as 
subclass control. The monoclonal antibody directed 
against murine CDS surface molecules (53-6 72 ATCC 
NO. TIB 105, is purified from hybridoma culture 
supernatants over a recombinant protein G column 
(Pharmacia, . Purified rat IgG is purchased from 

calbiochem , S an Diego. CA, . To block eel! -mediated 
cytoi ysis , 50 ul antibody , s ^ 5Q 

cells prior to the addition of 50 ul of target ceils. 
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The final effector to target ratio was 60:1. 

Balb/c mice are vaccinated at weeks 0 and 3 
with 5/ig of F protein mixed with either 20/zg QS-21 ( ) 
or 100/kj ALOH (A) and compared to mice immunized by 
experimental infection (•) . Two weeks after secondary 
immunization, the mice are challenged with virus. 
Four days after challenge, the PMC from BALB/c mice 
vaccinated with F/QS-21 are able to kill RSV- infected 
targets (solid lines in Figure) in an antigen- 
dependent manner (see Figure 1A) . Most noteworthy, 
this cytotoxic activity is as potent as that of the 
PMC from mice previously infected with RSV and nearly 
3 -fold greater than the activity induced in the PMC of 
mice vaccinated with F/ALOH. Control syngeneic 
targets (dashed lines) not infected with RSV are not 
killed (Figure 1A) . The activity is local because the 
spleen cells from the same mice are not cytolytic. 

The results further suggested that the local 
killer cell activity induced by the F/QS-21 vaccine is 
mediated by T cells of the CD8 phenotype. Cytolysis 
was inhibited when increasing doses of monoclonal 
antibody directed against cells bearing CDS surface 
determinants (filled symbol) are added to the assay 
mixture (Figure IB) . Likewise, increasing 
concentrations of anti-H2D d and H2K d monoclonal 
antibodies (filled symbol) block cytolysis (Figure 
1C) . Control immunoglobulin (open symbols) is not 
inhibitory (Figure 1 B&C) . 
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WE CLAIM: 

1. A vaccine formulation comprising a respiratory 
syncytial viral (RSV) protein or an immunological 
fragment thereof and an adjuvant selected from the 
group consisting of QS-21, monophosphoryl lipid A, 3- 
deacylated monophosphoryl lipid A and combination 
thereof, in a physiologically acceptable vehicle. 

2. A vaccine formulation comprising a respiratory 
syncytial viral (RSV) protein or an immunological 
fragment thereof and QS-21, in a physiologically 
acceptable vehicle. 

3. The vaccine formulation of Claim 1 further 
comprising alum. 

4. The vaccine formulation of Claim 2 further 
comprising alum. 

5. A vaccine formulation comprising a respiratory 
syncytial viral (RSV) protein or an immunological 
fragment thereof, alum and 3-deacylated monophosphoryl 
A, in a physiologically acceptable vehicle. 

6. A vaccine formulation of Claim 1 wherein the RSV 
protein is selected from the group consisting of RSV 
glycoprotein G, RSV glycoprotein F, a chimeric 
polypeptide comprising at least one immunogenic 
fragment from both RSV glycoproteins F and G, and 
combinations thereof. 

7. The vaccine formulation of Claim 2 wherein the RSV 
protein is selected from the group consisting of RSV 
glycoprotein G, RSV glycoprotein F, a chimeric 
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polypeptide comprising at least one immunogenic 
fragment from both RSV glycoproteins F and G, and 
combinations thereof.. 

8. The vaccine formulation of claim 3 wherein the RSV 
protein is selected from the group consisting of RSV 
glycoprotein G, RSV glycoprotein F, a chimeric 
polypeptide comprising at least one immunogenic 
fragment from both RSV glycoprotein F and G,and 
combinations thereof. 

9. The vaccine formulation of Claim 4 wherein the RSV 
protein is selected from the group consisting of RSV 
glycoprotein G, RSV glycoprotein F, a chimeric 
polypeptide comprising at least one immunogenic 
fragment from both RSV glycoproteins F and G, and 
combinations thereof. 

10. The vaccine formulation of Claim 5 wherein the 
RSV protein is selected from the group consisting of 
RSV glycoprotein G, RSV glycoprotein F, a chimeric 
polypeptide comprising at least one immunogenic 
fragment from both RSV glycoproteins F and G, and 
combinations thereof. 

11. A method of preventing an infection or disease 
symptoms associated with respiratory syncytial virus 
in an individual comprising administering an effective 
amount of the vaccine of Claim 1, 2, 3, 4, 5, 6, 7, 8, 
9 or 10. 
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